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An investigation has been con&aot9d a% subsonic Mach numbetis

in the lemgZey r&c&n@ar hi+jh.speedtiiel on ftve supemontc air-
foils an% ?or com~azzison,on two su3s02xtcait+otls, Tiio-&henSicmlal
data wera obtained ky pressure rnsammmcmts ati schlisren phot$qga@s
at e.@l.?sof attack frcm 0° tb 4° for Mach numbers Uetweea O.sO ad
O.$3)for these 6-perodat-thick symdrfcal airfoils. .,
,, ,,

.~e resd.ts indite-%d that the &zag coefffcients eze generally
higher ak subsonic Mach n-~bex=sfar the myerso?tlc a&foils tlnanfor
the subsonic airfozls’,but the normal-force end Fitchfng-mment .-

chez”acteristic~,o? those SUpgrWCZxicairfgils hax5ng ihcdr,m.&ximm
thiclmess locate& at ‘theO.7-chord station would. diminish the
Problem generally &Lca-itereL in longituilinalcontrol at high Mach
nm%ers. ,,:, .

,. ,.,.

The investi~a.tionalso revealed the occurrence of en unusual
flow pheaommon at tie leading ei$gsof the mprsmic airfoil~ at the i

htgher Mach.nmlxws. This phemmenon, through the eliminatim of an

i _

.-

ezbbnsi.vekeparated-f’lowconattj.onover the forward part of ‘&e
ail=foil, effected a rather Sudden i~creaee in qormal-force.coeffi.-
cied and.in’scme cases a d.ecreaaein-‘Ae @ag, coefficient;

... .. . .,””. . . ,.
.,,., .:,., ‘.,,

IN’I?ROJXJC~QN ,. ‘. L .. ‘.” ‘“

,,, , ,. ’:.“,.. ,.”,..,
Xn tie dss&D of sup&soxT,c”a&gcraft, .tQeamount.OS meepback

,.

inco~orated in the ltftt~ e@acgs $o-vld@’e@. the choice of the
type of profil.efor those s~aces. Zf we, ccmjym.mt of.stream:
Velocity normal to the leading e- of,the lifz’@g m??face”is “
sulxxmic, a rounded leading “edgeor Subsonic airfoil might he u&&..
On th? other ha~aj i$.the nozmal cqpomnt,, cf the ,@eam velocltj is —

supersonic, a sharp leaM.ng edge or supersonic a~i?foilis tiefinitely
neetLeclto minimize the TTa.varesisixmce. Since consideration of the
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struclnxkl and stability requirements may limit the amount of sweep,
the velocity normal to the leading edge may necesswily be supersonic
and sharp-edge airfoils ere then required. ‘Ikelfftfng surfaces of
supersonic airplanes and other bodies therefore might be expected to
have sharp leading,edges. For ~ome flight conditions these liftlng
surfaces must necess~ily operate at subsonl.cspeeds. In order to
provide information imyortant in the selection of airfoils for
supersonic aircraft tne aerodymmic characteridlcs of thin, sharp-
edge airfoils therefore must be de%ermineiiat su%sonic Mach nuabers.

The available results of previ~us investigationsat sribsonic
Mach numbers on airfoils having sharp leading edges have been
limited to two g-perceat-thickmodels, apart of a subsmic-airfoil-
develoWent investigation (reference 1), and to earlier explcrratory
tests on two 8--percent,-thtck mcd.els (reference 2).

Because of the limited data available and the need for even
thinner profiles than those prevloaslg tested for high-speed
applications, an in?e.stigatlonLELHbeen conducted fn the Laqgley
rectangular high-speeiitunnel on five supersonic-type afrfoils and,
for comparison, on two subsonic-type airfoils. All airfoil models
were symmetrical and or 6-2ersent maximm thickness. !l!estdata were
obtained by means of sta%ic.presswremeemvrements along the surfaces
of the airfoils, tot@ pressure surveys iiithe wake, and schlieren
photographs of the flow at Mach nmbers up to O.~.

Theory azxiexperiment ha’venhown that at supersonic speeds
airfoils of stmple geumetric ~hape are qaiie efficient. Tinetwo
al??foilshapes most ccmmonly encountered are the double-wedge or
dbmond profile and the profile for..edby a combi~aiion of two or

J’ more circtd.ararcs. S’inceboth double-wedge end circular-arc
profiles can represent a series of forms, neither of these profiles
is specifically defined by givtig the general shape without
addl.tionaldetailed information.

With the bow wave attached to the leading ewe of an airfoil in
a su~z’sonic flow, the flow ovbr one suzzfaceis not affected by ihe
flow over the other suz-f’ace. Conseqwmtly, the profile can be con-
sidered to be composed of two parts, one on .ei.therside of the chord
(line joining leading and trailir~ edgss), Thus, if the mesimmu
thickness of each swface and the chordwise location of the maximum
thiclmess are given, the thickness and cemher are specified.
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The ccmibinationof the general shape, the J?.Mxirnumthickness,
and the chordwise location of maximum thiclmess for each surface
specifically defines the profile. The following general form for
desi~ating the supersonic airfoils has been adopted:

NACA NS- (Xl)(Yl)-(X2)(Y2)

In the actual designation, the letter %” is replaced by the series
nuniber,the number “1” bp,i~gused for the diamond- or wedge-shape
profiles and,,~~enumber 2 being used forthe circular-arc profiles.
The letter S denotessupersonic. The letter “XJ’ represents the
distance along the chord from tie leading edge to tie ~otit of maxtium
thickness “xl”, for the upper suYface. The letters %2” end
‘Y*” represent,the corresponding values for the lower surface.
Num9ri&l valveo su%tituted for-the X*EJ’and Yrs” are in p6rcen*,
chord. (See fig. 1.) The following is a sample designation:

l%&CA2;

‘1
i

NACA designation————

Circular arc

Supersmic

Distance along chord from

‘(5jm(
t

L.E. to point of

chord)-

maximum thickness for
upper surface (percent

Maximum th~ckness of upper
surface (percent chord)-

.,,.,.

)-.(7
I

.-

))(03)
I

I.Max3mum thickness of
lower surface (per-
cent chorri)

_Distance along chord
frcm L.E. to point
of maximum thickness
for lower surface
(percent chord)

. . ..

In case the maximum thickness for the l-r surface Y2 is Contiant

for a &i.stancealong the chord, the numerical substitution for X2

should be compounded to include the two values limiting the range of
constant thiclmess. Thus, if the airfoil given in the sample
des&nationwere cambered by making the lower surface coincide with ,
the chord and the thickness of the uppr surface were retained at
3 percent, the deslgnatlonwouldbe ‘ —

N#LCA2S-(50)(0s)-(0-100)(00)

.—
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AFTAI?ATUSAND TESTS
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‘Thetests wiw?econducted in the Langley rectangular high-speed
twnnel, which is an induction-type tunnel wi,tioutreturn psssages
and has an 18-inch by k-inch test section. The variation in Mach
number in the test sectiti 810ng the tunnel axis without a model ‘
installed in,the tunnel.is *0.4 percent of the stream Mach number,
In a “planeno,rmblto the tvnnel axis, the veriati,onis *1 percent
of the’st;reayMslch,humber.The air flow for this investigation
aypears to b~ Qli&htl:ynlsal-tiedwith a possible variation of +O.l”.
The’geometric’angles of attack are accurate to fO.O~O. , .

., .’

Each’airfoi.Icom~letely spanned the teet section along tie
h-inch d5mension tidima supported by large circular end plates,
which were fitfed”i.qto”thetunnel walls in such a way as to rotate
with the model and to retain continuity of the surface of the tunnel
walls. The Juncture between the airfoil and the t,ynnel wall was
sealed.

The two typee of airfoils of h-inch Chord had %he follbwing
profiles: ~~

.,.’

Subsonic
{.
NACA 0006-63 (reference I)
\NACA 66-006 (reference 3) ,

,:, ,.,‘,’

rNACA as-(30)(03)-(30)(03)M!’
INACA2S*(50)(03)-(50)(03)~
4Supersonic NACA”2S-’(7O)(03)-(70)(03)

“ ‘NACA lS-(30) (03)-(30)(03)’
~NACP lS-(70)(03)-(70)(03))

The

the

ordinates for the 2S-series airfoils are given in table I.

Between 36 and 40 static pressure orific& were installed in
model surfaces of each airfoil in two chardwi.serows 1/.4inch “

from .a@,,on.:el,thersi$de‘bftli$mcdel center lime. The number of
orifices instaJJ.eddepended on’the:thickness distribution end hence
was a minimmi f’otitie L5-series airfoils.’The static-pressure-
orifice locations are shoti ti.the,,yrofilesin figure 1. The
absence of pre~sure orifices at’the leading and trailing edges of
the’aizzfoilsresulted fro~ a physical limitatizm on the installation
of orifices:ai13p&e6sure ducts; ,,

l?resmre-distribution,uea~urements.mid wake surveys were made
for Mech numbers between 0,30 and 0.90 at angles of attack of 0°
~ ~o* This Mach number range corresponded approximately to a

.

.

i
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Reynolds numibr range from:O:7 ‘to ~s~ x ‘~~6Q ‘ddftfO=l ‘~h~~~
obtained in the form of schlierm photogra~hs of the flow.
photo~phs show density gradients in the flOWbY c~%es in ~@t

intmnettyi ‘Supplemcnt&rY tests were mde ’by’m>as~ri~ ””bhe.~static
pressures bn the “wd.1 in.the vicinity of the intersection of’tho

—
.,
“nodal With’the”tunncl Wall,tofiprotide somo~info~tion onthe . ~
conditioti within.the flow fi.eld.nearths L%dW5 w%@ of ~e”! ““.
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TUNNEL-WALL EFTECTS

The”data obtained from this investigation em subject to a
correction because of tunnel-wall effects. The theoretically derived
correction (reference 4) itiica~s generally that, for a given ratio
of model chord to tunnel height, the error increases with Mach number
and drag coefficient, The error is also affected to some extent by
the type of profile. The ratio of the corrected values to the uncor-
rected values were determined by the method of reference 4 for these
data at several Mach nwnbers and at an angle of attack of 4° (a high
drag-coefficient condition). These ratios, wherein the corrected
values are indtcated by the primed s~bolsj are:

M Jft:pf C**/~
I

C(i’ lc~ ~ ,J -~c,k at-a

0.6010005:0.0U0.978?0.002.990~0.o02o.oo2to.000~.059~o.007
.701.007*.001 .970*.001 .986i.002 ●oo2t .001 .073* .009
.&l 1.018t ,004, .973~.004 .oo5t.002 .O$x)k.015

In the preoeding table the variations in the correction for a
given condition are due to a combination of differences in drag
coefficient and shape of profile for the seven afirfoflsinvestigated.
The variations can be seen
affect a comparison of the
airfoils.

An examination of the
d..c coefficients shows

to be quite small and hence would not
relative merits of the two types of

correction for Mach numbers and aero-
that the principal effect of’these correc-

tions would be to reduce s~ewhat the variation of the coefficient
with Mach number for all the airfoils in the higher speed range.
Al-though the methods of correcting the force andmmnent coefficients,
angle of attack, e.ndMach number are not too difficult, no comparable
methoas exist for correcthg the Pressure-distributiondiagrams. A
correction for the press~g.dfstjrfbubion diagram would involve not
only dynemic pressure, Mach number, end emg.leof attack, but also
the d.istributfm along the chord, Thus, the application of the
Correction would be quite tivolved and at the higher Mach nuuibers
could be subject to question. Inasmuch as the corrections would
have no significant effect on the conclusions tobe drawn from this
investigation and since all of the data could not be ccanparably
corrected, the data are presented uncorrected.

At the chokin.gMach number where sonic velocities extend from
model to tunnel walls, the static pressure is lower behind the
model than ahead of the model, Large static pressure gradients aro
thus produced in the flow at the chokfm,g~Machnmber, and data

.

.

.

.
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o%taine& at that Mach nmiber are of questionable value, The data
at and within 0.025 an~ 0.030 of the choking Mach number are
indicated on the figwee in which they appear by dotted lines or
other no~tims.

TfEsu’ms

.—

The eff~ct of ansle of attack and Mach number on th? pressure
,,

diitrilmtiom “for the seven airfoils inves%igatc.iiis Shovn fn
fi~e “2. Tho eection normal force and yitchin~ moment of the
nomial fo”rce about ‘the qwmter-chor~ point have been obtainod from ‘
integration of jrosmre-disfitibution diagrams .skd.ar~ presented In
coefficient’form in f~gwm 3 to 5. The drafl-coefficientdata
obtained frornwake surveys aro presentt~din figmxm 6 and7,.Data
from fi~res 3 end 6 a~o cross-ylotted in figuro 8 to show the
variation-of drag coefficient wtth ~~.l-foi-ce coefficient et”a

.-—

constant I&ch Qumlmv for the various yrofilss. . — --—.“...

Tl& devolopmmt of an wusua3. flow phenomenons the Mach numb~r
is inwmsed for a fixed,anglo of-attack is eho~~ in figme 9 for the
IWM .3S-(70) (03)-(70)(03): airfoil., Figure 10 shows the pheqmmon ’on
all su~=reo~c,y~fil~s teet~d at a COnStjmytjangle of attack ti ?hch
nurhr.’ The variation of the phencmonon tith anEle of attack on a
given profile is shown in figure 11. Meaqurcmm.ta in the flow’field
are yresehtmi qnd comparbd ~th flow photograph and local Mach
number distributions tn fi@r4 u. The effect oflarge c@nges iri
leading-edge shaye on the phenomenon is shown in figure 13.

.. u!
,,.,

OISCUSSIOti,,”,”
.,-., .,

W&sure distribution.- An exeh.i~tion of the ~rcmsure+istri.

butio~ dia~@ms for the airfoils imestigatod (fig. 2)’did not remal
qv ~r~.d wf~ren~~s in the effect ofcomprossi$ility onthe flow
pas;. the subsonic and supersbnie airfoils, w?th,the exception of a
somewhat km% irremlar’ distiiliztion’of pressures nlong the chord for
the sup~raotic”.ai.tiollsl.esyecia~at.anangle of attack of 4°. .

., .. . .,
,, .

Tha determination oftho’ pr&&res.near.the, leading edga of t~e
airfoils.-%ashihderod.,ho%vor,’”by a “physical”,limi%ationoh yreseure
orifice installation. Information o%tainpd fromthu measurements of
pressure in thtiflow”field indicatmi that the pressures near the
l=ding odge on the u~per surface might bb appreciably lowor than
the faired values shown in figure 2, as illustrzkdby tho local llach

.--
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number distribution shown at
As a result of this probable
diagrams at the leading edge
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a Mach number of 0.8 in figure 12(a).
error in the fairing of the ‘pressure
of the airfoils at angles of attack

greater than 0°, the critical Mach number could not be accurately
determined, and in adtiition,the normal-forco coefficientsmay be
expected to be higher than those presented herein.

Normal-force coefficients..The variation of the section normal-

force coefficient Cn with Mach nnmber M (fig. 3) at angles of
attack of 2°
number m,nge
the subsonic
variation of
the problems
numbers.

and 4° generally appeared to be less throughout the Mach
investigated for tho supersonic airfoils than for
airfoils. The reduced effect of compressibilityon the
Cn w$,th a as show in fi~ure k(a) tends to minimize

associated with lo~itudi=l control at hi@ Mach

In addition, the effect of a on Cn at angles bstwem 0°
and 2° (fi~, h(b)) was generally Uss for the’supersonic airfoils
than for sulsonicairfoils; this effect was probally the result of

. early separation from the sharp leading edgee and could.have lx%n
predicted.from low-speed considerations. The effect of a on Cn

at angles between 2° and 4° for suyereonic airfo~le, howmcr, w&s
greater in general than for the lower a range, especially for those
airfoils havinflmaximum thickness locations at or behind tho O.~c
station. The one exception to these gmeralizations was the
NACA lS-(30)(03)-(30)(b3) airfoil, which had
characteristics comparabk with those of the
(fig. k(b)),

The normal-force characteristics of the
presented herein indicated that tha problms
subsonic flight of supersonic aircraft would

normal.-force
subsonic airfoils

supersonic airfoils
associated with the
not be aggravated by

use of thes~-alrfoils~ in fact, some yroblcms associated tith
longitudhal control ml.ghtle minimized.

Pitching-moment of normal-force about quarter-chordyoint.- The

VariatiOn of tho section pitching-moment Coefficient with
Cmc/4

stream Mach number for the su%on3.c airfoils (figs. 5(a) and 5(b))
was small at Mach numbers lelow 0.70} whereas at Mach numbers
of 0.80 and above the variation had a large negative trcmd. Tho
variation of’ c with a !.sshown to be small in the lower

~c/4
Mach number range, %ut et Mach nu.rbcrsabove 0.80, an approctablo
negative trend is indic&ted.

.

k

.

.
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The saperson,tcairfoils also showed only a small effect of
‘%oth M ad a on ~ c~ at Mach nwbers below 0,70 (figs. 5(c)

to 5($))● At Mach numbers greater than O.&J, howeverj the variation

‘f ~c/4
with M for the supersonic airfoils showed a definite

effect of meximsnwthicknees locatton. Those airfoilk’havingmaximum
thiclmesslo’catea at0,3c (figs. 5(c) and 5[f)) as well as both
airfoils of the mibsonic type .(ftgs.5(a) end 5(b)) had a negative
slope of “cm

[

with G a% Mach numbers greater than 0.80. Shifting
C4

the’~imwm-t ickness’locattonto the 0.7 chord statton (figs, 5(e)
an& 5(g)) resultea at the bi@ Mach nmnlxm?sin a smll posttive slope

‘f %/4 with a, that could be ~esf’rable”forlongi%udinel control

at high speeas. .,,, . .

DraK’coef’ficient.- ~e general effects’of ccmpressitility on the
drag .coefficientsof both anpersotic-”antisubsonic-t~e 6-percent-
thick airfoils (fig.6j ere in accord. There -e, however} afew
differences &at are be’s%shown in the comparison between airfoils at
each of two angles of attack in figure 7, At an angle of attack of 0°
(fig. 7(a)) ana a Mach number of O.~, a gradual rise is noted in
drag .coeff.icientfrom a tinimxn for the N.ACA=-(m) (@3)-(50)(03) --
foilto%he highest values fcr the is-series. . .,,

At sn.angle of attack of 0° l~ttle difference is indicated in
,,

.
the Mach rramber.at wh~ch’the drag break occ~s for the’two subsonic-
t~ atifOilst ~~athO~A 23-(70)(03),-(70)(03),~a
NACA.2S-(50)(03).(50)(03) airfoils. The otwiously earlier drag
break.for the’two airfoils of the IS-series restits frcm~he high

‘ induced.velocities (fig. 2) anil3S of the tjpe associated,with flow
separatimp which’coiildhave been expected to occur at,tke abrupt
(8.2°) chamge in siwface slope at the meximznn-thicknesslocation.

,. -,.
The drag’.cbeffictentfor the ~arious airfoils at eU angle of

attack of 4° (fig.7(b)) fw Mach nmibers between 0.7 ed 0.6 is
inatcative of the extent of flow separation from aminhnm for the
NACA 0006-63 to a maxtiwn for the l!L%CAU3-(70)(03)-(7o)(03). The
gradual ri~e tndre& coeffi.cibntbetween Mach numbers ofO.6 an&0,7
fcr ~ NACA.0006-63 airfoil is indicative of a condition of
pro~essivaly’ ticreas~ extent of separated.flow. ,

.,~.. ..-
The drag nornia.1-forcerel?tior& fotithe yarioue profiles and

the effect of compressibility on that relat~on (fig. 8) provides a
‘betterbasis ofcom$mrison of the ~ag,ch~acterigrbics than,ft~ure 7.
The results bf figme 8 inaicaterlthat within the range of the
investigation, the drag’for a given nod force is generally hfgher

,., ,, ..
.,

. . ,,. ,... ‘,
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for the supersonic type airfoils than for the subsonic t~e. The
differences em not so large that functioning of supersonic aircraft
would be excessively affected at subsonic speeds.

There is some imdica’tionin figure 8 that, at the h@herMach
numbers, and at high values of normal..forcecoefficient, the velue
of drag coefficientmight be less for &zne of the supersonic air-
foils than for the subsonic airfoils. As a result of this fn&ica-
tionj the original investigation is being extended to determine
the characteristics of these profiles at hfgh angles of attack.

mm 1 flow at ht~u?&fK&L- During thislnvestlgaticn
en unnsusl type of flow phenmenon was observed to occur at the
h@herMach numbers in the vicinity of the leading edge of the
supersonic airfoils under lifting con~itions. The development
of this phenmnenon with increasingMach number and the changes in
the flow that acccmp~y it are shown by the schlieren photographs
in figure 9 for the NACA X3.(70)(03)-(70)(03]at 5.5° sngle of
attack.

At a Mach nuaber of 0.50 (fig, 9(a)) separated flow extended.
from the leading edge rearward end contributed toward an Increased
drag and reduced normal force. These conditions could have been
predicted from low-speed”oonsiderati.ons.When the Mach number was
increased to 0,70, only two changes were noted. An increased
expansion occurred around the leading edge (see dark area Immediately
above leading edge) and disturbances were observed in the main flow
above the mcdelj approxtiately 0.3 chord behind the leading edge.
The increase in Mach number to 0.72 resulted in a furthe~ increase in
the expamlon region, a slight decrease in exijent of separated flow
above the surface, and a consolidation of the shocks. These chengos
were slightly intensified when the Mach number was increased to 0.75.
The flow so fer descrtbed (including M = 0.75) was in accord tith
that previously o%served on subsonic airfotls. (For example, see
reference 5.}

The increase In Mach nml%er from 0.75to 0.77produced a chango
In the type of flow at the leading e~ge to one that had not previ-
ously been observed at subsonic speeds. At this higher Mach number
(fig. 9(c)) oblique shocks were observed to extend outward into the
flow from the vicinity of the leadlng edge anrlthe separated flow
over the forward part of the model had been eliminated. The main
compression shock generally associated with airfoils at high sub-
sonic speeds occurred near the 0.5-chord station. With further
increase in Mach numler to 0,80, the primary effects to be seen
are the normally e~cted rearward movement of the main shock on
the upper surface and the formatton of shock on the lower surface.
That thie behaviar of the flow is not peculiar to the co’dition

.

.

.
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given in figure 9 is shown by figures 10 and Il. In figure 10
the unusual flow is observed at the leading edge of each of the
supersonic airfoils at an singleof attack of ho and a Mach number
of 0.83. Figure 11 chows that for the NACA lS-(30)(03)-(30)(03) air-

.

foil the phenomenon occurred at euangle of attack of 20 as well as
at 4°) and the field of influence deq.reaaedas .the--emgledecre=ed—-. -----.--.-—
until at O“.no fiii~ti”alflow wa=lserved. The sequences of flow
phot6&&@iE=b tained a~”~~le &’~ack of 4° for eaoh of the
airfoils (not yresented.herein) indicated that the Mach number at
which the flow phenomenon first occurred’ ~ decreased.as the

included angle of the leading edge e increaaed, as shown in the
following table:

1ls-(70)(03)- 70)(03)

[
2S- 70)(03)- 70)(03)
IS- 30)(03)- 3G)(03)
2s-(~)(03)-(50)(03)
23-(30)(03).(30)(03)

(d:g)

5.0
9.8
M.*4
13.8
23.3

0.76
.76
.73
●73
.70

.. .._. -. —-
.

The leadin~-etie flow phenomenon throu@ the elimination of the .
extensively sep-aa%-d flow &er the fo?ward.-partof the airfoil, wolil.d
lead to an increase in normal force and a decrease in &m.g. At the
sane ttme, several factors exist which contribute to an increase in
drag. These factors are the energy losses through the oblique shocks,
the increased losses through the main shock having a greater titensity>
end. the losses because of separation from the surface in the vicinim
of the main shock. The summation of all these effects would lead to
= increase in normal force end m unpredictable effect on drag. An
examination of figure 3 willshow that the rate of change of section
normal-force coefficient with Mach number is greater above the Mach
number at which the oblique shock first appeared.at the leading
edge of the airfoil. Figure 6 (or ftg. 7(’b)),however, t3h0WGd
that the Mach number tncrement between the value at which the fl.cx?
chsnge occurred and the value at whtch the drag coefficient began
to increase very rapfdly varied frcm O for the

NACA d30d03)-[30)(03) (fi~,6[c)). ~ @tio% ffme 6
NACA IS- 70) OS)- 70)(03) (fig. 6 g))to O.OT ~or the ~

also showed that for the NACA2S-(70)(03)-(70)(03) ~d
NACA ls(30)(03)-(30)(03) airfoils (figs. 6(e) and 6(f)) amarked
decrease in drag coefficient was obtained after the flow change
Occurred. The possibility that this new type of flow at”the leaaing
edge could have an appreciable effect on the maximum lift of air-
foils at htgh subsonic Mach nmnbers indicates the desirability of
extending the original Investigation on superscmic atifofls to o?ltafi
data at higher angles of attack.



12 NACA ~’NO. 1211

Additlond information on the observed flow phenomenon was
obtained b~ m=asuring the static pressures at the tunnel wall near
the leading edge of the model. Data obtained thereby, as well as
the pressures measurerialong the surface of the model, were
transcribed into local Maoh numbers @ are ~resented in figuro U?,
together with the corresponding schlieren photographs of the flow.
The local Mach numbers of figure 12 ware based on the total preseure
in the undisturbed stream and are therefore high for regions behind
shocks and within separated flows.

At a stream Mach number of 0.80 for the NACAlS- (70) (03) - (70) (03)
at 4° anglq of ~~tack (fi~. X2(a)) the flow-field measurements
showed that the 10CF.1Maoh numbers wero supersonic in a plane normal
to the l.eadi~ edge of the airfoil and for a dist~c? of at least 0.2
chords abovo tt. This position falls within the dark area or region
of expansion tihovethe leading edge of the airfoil in the schliercn
photograph. Both schllcron photograph and flow-field meaduremcnts
showed that further increases in velocity or expensiona occurred
rearward of the leadi~ Gd.ge. An efiansion at supersonicspeeds is
accompanied without cnrrgy losses by a change ~n direotion of flow

rem tu~ (refcmence 6). The”chanCc in flow direction
e ai~: is directed towati. the surface of the airfoil.

Obviously, in this case (and iri figs. 12(b) end 10), the flow is
directed into the surface of the airfoil, wh~ch nccessitatw~ an
oblicnm shoak to turn the flow somewhat in t,he.otherdirection so
that-the air can flow along th6 model surface, cni the @xt6nsivo
,soparated-flow condj.tion is thus eliminated, The $Iow tehind the
oblique ‘shockfs suye~sonic a.hdthe shock gcnm.rallyassociated with
airfoils at high subsonic Mach numbers Is encountered reqrwnrd on
the airfoil. ,,,

The ’foremostand weak oblique shock seen in the sch~isren
photograph of fiwe U(a) a~~eared froman anal.y~isofschlieren
photogr&yhs and flow.field mcmsur~ments to be an enveloye of
disturbances originating from the lc~ading edge. The conditio~
under which the weak shock formed appeared to be tho oxiatonce of
supersonic velocities in the vioinity of tho loading edge and-a
highl#’localiked se@a~tod region originating at the lcadin~ edge
and exta’ding rearward on~ a f’owpercent of the chord. The point
at which the flow %Gcame reattached to tho surfe.oe,bmamc,the origin
of the more intense oblique shock that turned the nir so that it
flowed along the surface. (S09 also figs. 9(9) and ~f) and 10(b)
and K)(o).)

Thc,data yrosented in figure 12(b) for the ~CA lS-(30)(03)-
(30)(03) airfoil at 4° were generally aimllar to those of figure 12(a)
except that the vGlccities in the plane abovo and Comal to tho
,,

.

-*

.

.

*

.
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l,eadingedge were slightly less then sonic red.,in ~lace of the dual
oblique shocks seen In figure 12(a), only one was apparent in fig-
ure 12(b). Figures 9, 10, and 12 could leave the hpression that
the s@gle oblique shock as in figure 12(b) would occur only on
those airfoils having an included angle greater than 10°, No such

conclusion ie jutified, as could be shown by. other schlieren
photographs of the series.

Figure 12(c) and the previous Uscussion of figure 11 showed
that no unusual flow chmge cccumea at the leading edge of the
NACA lS-(30)(03)-(30)(03) atOO angle of attack. At the 0.3-chord

0 change occurred. in the slope of thestation, however, where an 8,2
airfoil surface, a flow condition exlstea at high Mach nmubers
(fig. 12(c)) that had some similarity to the flow phencmena
previously desoribed, The l?randtl-MQxer turn at the 0.3-chord
station tended. to exceed~ .2 ~mrn allowedby the surface,
thereby necessitating an &nedi&te compression as shown by both
schlieren photographs and the edrfoil mrf.ace press~e measurements.
(See fig. 2(g).) The gradual ccmjy?esston that followed is
probably a result of a progrosstve3.y increasing boundsry-layer
thickness, as is shown in figuro 22fa).

The present Investigatfonalso showed. that the unusual flow
phencanmmnwas not strictly limited to airfoils having sh~ leading
edges. The intensity of the o%lique shock shown nea the leaahg
edge in figure 13 indicates that the magnitude of the P~
~mdiminishea nerkedly when the leading-edge radius increased
frcmO for the HA(3A2S-(30)(03)-(30)(03) airfoil to 0.22 percent
chord for the NACA 66-006 a&foil. me effect for the NACAOO06-63
airfoil having a Ci.h-percent-ohordradius @ almost imperceptible.

A twa-dimensional

COIE21JJDINGREMARKS

investigation of supersonic atifoils tndicmteU
that at subsonic Mach nwnbers,-elthough the drag chsractertstics
were in general h@her for these atifoils than for subsonic airfoils,
the normal-force and pitchhg-mcment charactertstio.g of those
supersonic ~rofil~s having their meximum thiclmess locatea at the
0.7-chord station would.diminfeh the problems generally encountered
in longitudinal control at high subsonic Mach mmbers.

The investigation also revealed the occurrence of em unusual
flow phenomenon at the leading edges of the supersonic yrofiles.
This phenomenon, tlmough elimination of the extensive sepwa.ted-flow
condition over the forward part of the airfoil, effected an increase

. ..-
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in nomal force and producod changes ranging from no offoct.to a
dccreaao ~n the drag coefficient..3Wther, it appears possille that

the flow @enomenon could have an appreciable effect on the max3-
lift coefficient of supersonic Qirfoils at high su%mr~c Mach
numbers,

Le.ngleyMemorial Aeronautical Laboratory,
National Advi~o~ Committee for Aeromntics

I~,n@y Field, ~a., AuP+st =, 1946
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TABIX I,- EASIC SECTION ORDINATES FOR
SYMMETRICAL CIRCULAR-ARC AIRFOIIS

~tations end ordinates are in percent chord]

Ordinate
tation ‘

2s.(30)(03)-(30)(03) 2s-(50)(03)-(50)(03) 25-(70)(w)-(70)(@3)

o 0 0 0
5 .92 ●57 ●4O
10 1.67 1.08 ●79
15 2.25 1.53 1.15
20 2.67 1.?2 1.47
25 2.92 2.25 1.76
30 3.00 2.52 2.02
~: 2.98 2.73 2.25

2.94 2.88 2.45
45 2.86 2.97 2.61
‘jO 2.75 3.00 2.75
55 2.61 2.97 2.86
60 2.45 2.88 ;.;;
65 2.25 2.73
70 2.02 2.52 3:00

1.76 2.25 2,9%!
2 1.47 1.92 2.67
83 1.15 1.?3 2.25

‘ 90 Oe?g 1.08 1.67
9? @.40 0.57 0.92
100 c o 0

T
,.E.l%diUS: O

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

.
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Fig.6f NACA TN No. 1211
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Fig. 8 NACA TN No. 1211 .
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(c) M = 0.72,

Fig.9
—.

(a) M = 0.50. (b] M = 0.70.

(e) M = 0.77. (f) M = 0.80.

Figure 9.- D’evelopment of flow phenomena.
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Figure 10.- Flow phenomena’ on various supersonic profiles.
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NACA TN No. 1211 Fig. 11
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Figure 11. - Variation of flow phenomena with angle of

attack. NACA lS-( 30)(03)-(30)(03 ) airfoil.
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NACA TN No. 1211. Fig. 12a
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NACA TN No. 1211 Fig. 12b
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NACA TN No. 1211 Fig. 12c
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NACA TN No. 1211 Fig. 13
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Figure 13. - Effect of leading-edge profile on flow phenomena.
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